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Chapter 1 Introduction
Mechanisms and Role of Genetic Regulation
The regulation of genetic material is integral to the health of both individual cells
and whole organisms. This regulation allows for the tight control of finely tuned cellular
processes such as cell cycle progression, transcription and apoptosis (Aregger and
Cowling, 2016; Chen et al., 2013; Gan et al., 2016; Liang et al., 2012). Both proteins and
DNA regulatory elements play a role in maintaining the integrity of the cellular processes,
allowing for maintenance of the health of the cell given the correct intra- and extracellular
environment while reserving the ability to promote cell death when given the appropriate
signals.
Compromising this regulation of genetic material can result in the onset of many
diseases, such as cancer, autoimmune diseases and neurological disorders (Lee and
Young, 2013; Villard, 2004; Wang et al., 2016; Wen et al., 2016). As genetic diseases are
usually chronic and have long lasting effects on the affected organism, elucidating the
mechanisms that influence expression and silencing of genes are of great interest to
researchers. One mechanism that has been demonstrated to play a role in gene
expression is the addition and removal of chemical groups to histone tails (Bannister and
Kouzarides, 2011; Berger, 2002). This process can be classified as a post-translational
modification as the chemicals are added or removed from the histone following the
translation of the mRNA coding for the protein. The addition and removal of chemical
groups is thus dynamic and varies throughout the cell cycle and in response to different
environmental cues (Feil and Fraga, 2012).
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Nucleosomes are made up of histone octamers around which DNA is wrapped to
promote compaction of genetic material, facilitating the fit of DNA into the nucleus of a
cell. This histone-DNA complex is referred to as a nucleosome. The histones include an
N-terminal tail, which can be subjected to the addition and removal of chemical groups.
These marks can serve as docking ports for proteins involved in transcription or silencing,
or can alter the charge of the histone tail, which can in turn repel the negatively charged
DNA (Kunowska et al., 2015; Lee et al., 1993; Rossetto et al., 2012). The repulsion of the
DNA from the histone tail results in more accessible DNA, which can then be bound by
different factors involved in the regulation of transcription (Zhang et al., 2016; Zhang et
al., 2012).
Two specific chemical groups that can influence transcription when placed on
histone tails are acetyl groups and methyl groups. Acetyl marks neutralize the positive
charge of the histone tail, which repels the negatively charged DNA from the histone,
resulting in a more open structure (Lee et al., 1993). Acetyl groups on histones can also
be recognized by bromodomains of proteins, which leads to a “docking” of the protein on
the histone (Dhalluin et al., 1999). Methyl groups can also be used as docking points for
proteins that lead to an increase or decrease in transcription. One protein known to bind
to methylated histones is heterochromatin protein 1 (HP1), which can multimerize with
other HP1 proteins on nearby nucleosomes to compact chromatin and limit accessibility
(Hiragami-Hamada et al., 2016; Mishima et al., 2015).
As the chemical identity of groups placed on histone tails can play such a large
role in gene regulation and consequently the health of an organism, there is great interest
in understanding the mechanism through which these groups are added. To fully
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understand a molecular mechanism of action, it is necessary to understand the proteins
involved. Proteins that either add or remove the chemical marks on histone tails are
known as histone modifying enzymes. As they can have a direct influence on the
expression of key regulatory genes, these enzymes and their associated proteins are a
major focus of research. Results of such research can have implications for treatment of
genetic diseases.
SIN3 Isoforms and Associated Proteins
One protein complex that is associated with both a histone deacetylase (HDAC)
and a histone demethylase (KDM) is the SIN3 complex. SIN3 is a protein that is
conserved from yeast to mammals and is a key regulator of the genome (Kadamb et al.,
2013).
In Drosophila, a single Sin3A gene encodes three different SIN3 isoforms (Neufeld
et al., 1998; Pennetta and Pauli, 1998). These three isoforms are known as SIN3 220,
SIN3 190 and SIN3 187 and are named for their molecular weight in kilodaltons. These
isoforms are identical throughout much of their structure including the presence of four
paired amphipathic helix (PAH) domains and a histone deacetylase interaction domain
(HID) (Fig 1) These domains are conserved from yeast to mammals (Neufield et al. 1998;
Pennetta and Pauli 1998). PAH domains consist of alpha helices, which mediate
interactions with other proteins. The HID mediates interaction with the histone
deacetylase RPD3. The only difference between the SIN3 isoforms is the inclusion of
unique exons at their C-terminus as the 220, 190 and 187 isoforms have a unique stretch
of 315 amino acids, 31 amino acids and 5 amino acids, respectively. The two major
isoforms present in Drosophila are the 220 and 187 isoforms (Sharma et al., 2008).
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Figure 1. Drosophila SIN3 isoforms. Three Drosophila isoforms are generated through
alternative splicing from one Sin3A gene and are named after their molecular weight in
kilodaltons. White regions of the structure represent paired amphipathic helix (PAH)
domains, while the region labelled HID represents the histone deacetylase interaction
domain. Unique exons are indicated by the blue, purple and green boxes at the Cterminus of each protein.

Both SIN3 220 and SIN3 187 are capable of forming complexes with a core group
of proteins, which includes ING1, Sap130, SDS3, RPD3, BRMS1, Pf1 and Arid4B (Spain
et al., 2010) (Fig 2). The SIN3 220 complex, however, also has associations with the
proteins LID, EMSY and p55 (Spain et al., 2010). RPD3 is the homolog of mammalian
HDAC1, which is a histone deacetylase. LID is the homologue of mammalian KDM5,
which acts as a histone demethylase. Both of these proteins are involved in the removal
of chemical groups on histone tails, enabling the regulation of gene expression.
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Figure 2. Drosophila SIN3 complexes. SIN3 187 and SIN3 220 are capable of forming
complexes with a core group of proteins, with SIN3 220 interacting additionally with Caf155, LID and EMSY
Adapted from Spain et al. 2010

The Role of SIN3
In both Drosophila and mice, knockout of SIN3A results in embryonic lethality
(Cowley et al., 2005; Dannenberg et al., 2005; Neufeld et al., 1998; Pennetta and Pauli,
1998). Studies using Drosophila polytene chromosomes, microarrays, RNA-seq and
ChIP-seq have shown that SIN3 binds throughout the genome and regulates between 212% of the genome, depending on the assay used (Gajan et al., 2016; Pile et al., 2002;
Pile and Wassarman, 2000; Saha et al., 2016). Additionally, knockdown of Sin3A in
Drosophila S2 cells results in cellular proliferation defects and an arrest in the G2/M phase
(Pile et al., 2002; Swaminathan and Pile, 2010). Together, these data show that SIN3 is
an essential protein with the ability to regulate genes vital for development and survival.
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Experiments have also been performed to look at both the expression of the 220
and 187 isoforms as well as the processes that they regulate. Previous work has
determined that there is a turnover between the two isoforms throughout development.
The SIN3 220 isoform is highly expressed early in development and in proliferative cells,
such as larval imaginal wing discs (Sharma et al., 2008). As cells begin to exit their
proliferative phase, however, there is an increase in the 187 isoform as well as a
subsequent decrease in the level of the 220 isoform (Chaubal et al., 2016; Sharma et al.,
2008).
Studies have also identified subsets of genes regulated by SIN3 220 and SIN3 187
(Saha et al., 2016). This work identified similar and distinct binding sites of both isoforms
across the Drosophila genome. These binding site data sets were then combined with
RNA-seq data. It was determined that there are unique and common gene sets directly
regulated by the 187 and 220 isoforms (Saha et al., 2016). Both isoforms have been
shown to regulate the processes of metabolism, cell cycle and morphogenesis and
neuron development, while the 187 isoform exclusively regulates the additional processes
of endocytosis, apoptosis, phosphate metabolism and post-embryonic development
(Saha et al., 2016).
In addition to revealing the overlapping and distinct roles of the 220 and 187
isoforms as well as their associated proteins, studies have revealed interesting data
concerning the ability of the isoforms to perform compensatory functions. Studies in
Drosophila have shown that the lethality in Sin3A null mutants can be rescued through
expression of ectopic SIN3 220, but not through the expression of the 187 isoform (Spain
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et al., 2010). These data combined with the overlapping and distinct gene sets regulated
by the differing isoforms enforces the idea that these two similar yet distinct isoforms have
isoform-specific roles in the development and life cycle of Drosophila.
SIN3 and Disease
As SIN3 has the ability to regulate a substantial proportion of the genome, it is not
surprising that the SIN3 complex has been demonstrated to regulate genes involved with
disease. Specifically, SIN3 has been implicated in diseases such as cancer, through
inappropriate recruitment to genes and their subsequent silencing (Farias et al., 2010;
Kwon et al., 2015), and Alzheimer’s, where it was shown in Drosophila that mutations can
result in enhancement of the Alzheimer’s β-amyloid phenotype(Cao et al., 2008).
The SIN3 complex has been shown to negatively regulate a number of oncogenes
and stabilize proteins associated with normal growth and development of the cell. As
described in previous research, SIN3 stabilizes the tumor suppressor p53, protecting it
from degradation (Zilfou et al., 2001). SIN3 has also been identified as a negative
regulator of Myc, E2F, and Rb (Dannenberg et al., 2005; Garcia-Sanz et al., 2014).
Members of the SIN3 complex are also implicated in cancer progression. Pf1,
which is common to both the 220 and 187 isoform complexes, is overexpressed in breast
cancer (Bansal et al., 2015). It works to recruit EMSY and JARID1B, which are both
factors in breast cancer, in cancerous cells (Kwon et al., 2015). Disruption of the Pf1SIN3 interaction using peptides or knockdown of Pf1 in triple negative breast cells showed
a reduced ability of tumor cells to form colonies (Bansal et al., 2015). This is in part
because Pf1 is shown to interact with the transcription factors NANOG, OCT4, and SOX2
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(Bansal et al., 2015), which are hallmark proteins of tumor stem cells, which are
undifferentiated proliferative cells seen in many cancers (Weissman, 2015).
Studies have also been performed on Inhibitor of Growth 1, or ING1, a common
component of the 220 and 187 isoform complexes. Reduced levels of ING1 can result in
breast cancer (Thakur et al., 2014). Interestingly, metastatic cells that were injected into
mice and made to overexpress ING1 exhibited a slower rate of growth than those cells
that did not ectopically express ING1 (Thakur et al., 2014). Coupled with the roles that
the SIN3 complexes play in genome-wide regulation and the association with histonemodifying enzymes, the study of SIN3 complex proteins and their mechanisms of action
present an attractive target for the treatment of genetic diseases.
Importance of Protein Interactions
One key component to the identification and understanding of the mechanism by
which a protein or protein complex acts on a substrate is knowing the proteins with which
is associates (Schwikowski et al., 2000). Protein interactions can help tease apart cellular
processes and regulations (Jackson et al., 1991; Letovsky and Kasif, 2003). Additionally,
protein interactions can play key roles in the stabilization of protein complexes (Gibson,
2009; Perkins et al., 2010). Without this stabilization, the complex may not be able to
perform its intended function, which can result in negative consequences for the cell (Sato
et al., 2000; Sherman et al., 2001).
Interestingly, previous work has shown the necessity of almost all proteins involved
in the SIN3 complex. Knockdown of all components of the SIN3 complex with the
exception of EMSY results in embryonic lethality in Drosophila (Laity et al., unpublished).
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These data confer additional evidence of the importance of both the SIN3 isoforms
themselves as well as the proteins with which they associate.
Previous research has identified direct interacting partners within the SIN3
complex. Some interactions include SIN3 and RPD3, SIN3 and Pf1 (Yochum and Ayer,
2001), Caf1-55 and SIN3 (Saha, 2017), Caf1-55 and RPD3 (Marhold et al., 2004) and
ING1 and Sap130 (Giot et al., 2003). Not all studies, however, have looked exclusively at
direct interactions and instead use high throughput methods to identify complexes as a
whole. Although there is evidence of direct interaction between some proteins associated
with the SIN3 complex, there have been no assays performed to identify all interactions
within the Drosophila SIN3 complex. Additionally, limited work has been done to
distinguish the regions of SIN3 or associated proteins that are responsible for the
recruitment of the SIN3 220 complex specific proteins LID, EMSY and p55.
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Figure 3. Previously identified direct interactions between Drosophila SIN3
complex proteins.

As the SIN3 220 and 187 isoforms have similar yet distinct roles in the life cycle of
Drosophila, it is possible that the interactions of the SIN3 220 complex with p55, LID and
EMSY may play a role in driving the specificity of the 220 complex in the Drosophila life
cycle. Therefore, it is of great interest to determine the direct interactions occurring with
SIN3 220, specifically with the unique stretch C-terminal stretch of 315 amino acids.
Project Summary
The goal of this project is to determine the direct interacting partners within the
Drosophila SIN3 complex. A bacterial expression system was used to perform
immunoprecipitations to assay physical interactions in vitro. Proteins that interact directly
with the unique 315 amino acids of SIN3 220 were identified during this research, as well
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as other interactions within the complex. In vivo assays were also performed in S2 cells
to determine the region of p55 responsible for maintaining the interaction with SIN3 220.
Immunoprecipitations were performed in S2 cells containing a truncated form of p55. A
region of p55 required for the interaction with SIN3 was identified. Taken together, these
studies lend insight into the interactions of proteins within the SIN3 complex. This
knowledge will provide potential new targets for experiments that aim to correlate the loss
of specific SIN3 complex components and the ability of the complex to regulate the
genome.
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Chapter 2 Materials and Methods
Creation of Bacterial Expression Clones
The pETLX vector was created to introduce additional unique restriction sites into
the multiple cloning site (MCS) of a bacterial expression vector for ease of cloning. To
create the pETLX vector, the pET28(a) vector was digested with the EcoRI and XhoI
enzymes (NEB), which each cut in one spot in the multiple cloning site. Complementary
primers were designed with a sequence that contained EcoRI, NotI, AvrII, Acc651, MfeI,
ScaI and XhoI sites. The primers were then annealed and digested using EcoRI and XhoI.
The fragment was then ligated into the digested pET28(a) vector.

Figure 4. pETLX creation. Complementary primers were designed containing the
sequence for EcoRI, NotI, AvrII, Acc651, MfeI, ScaI and XhoI restriction sites. The
pET28a plasmid was then digested with EcoRI and XhoI and the backbone isolated. The
complementary primers were annealed and ligated into the pET28a backbone, resulting
in pETLX.

To generate the clones for expression of SIN3 complex proteins, I amplified
genetic sequences using either BDGP orfeome clones or a cDNA library prepared from
S2 cell RNA. BDGP orfeome clones were provided by the Drosophila Genomics
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Resource Center (DGRC) and contain sequences that encode Drosophila proteins that
can be expressed in S2 cell culture.

Primers used during amplification contained

restriction sites that would allow the ligation of the gene into the appropriate vector.
Clones were confirmed through restriction digestion analysis and sequencing. The
sequences of primers used for cloning and the restriction sites used are found in Table 1.

Table 1. Primers/Restriction sites used for cloning into bacterial expression
vectors
Primer

Primer Sequence

Restriction
site

BRMS1BamHIFor

CGTATAGGATCCATGCCCGTGAAGAATGGC

BamHI

BRMS1XhoIRev

CGATATCTCGAGCTATCCGCTAGCTCCTGC

XhoI

EMSYEcoRIFor

GCATATGAATTCATGTGGCCGCAAACGCTGG

EcoRI

EMSYAvrIIRev

GCTGCGCCTAGGTTAGGGTAACTTAATTGCT

AvrII

ING1EcoRIFor

CGTGTAGAATTCATGATAAACCCCATTGCATCC

EcoRI

ING1AvrIIRev

CGTATACTCGAGCTAGGTCTTCTCCTCCTTTTCC

AvrII

Sap130NotIFor

GAAGTTATCAGTCGACGCGGCCGCTATGAGTGCGCCTAGTG

NotI

Sap130Acc651Rev

GGTCTAGAAAGCTTGCCTAGGTACCGATCTTTTCGCGC

Acc651

SDS3EcoRIFor

GCACGTGAATTCATGTCCAACTACTACAGTCTACTAC

EcoRI

SDS3XhoIRev

CAATATCTCGAGCTATCGGCGCTTTATCGAGATC

XhoI

Induction of Protein via IPTG and Determination of Solubility
The bacterial clones of interest, in E. coli BL21(DE3) cells, were induced using the
IPTG induction system, which has been previously described (Volynets et al., 2016). In
short, bacterial colonies harboring plasmids of interest were grown in LB and the
appropriate antibiotic. A larger volume of LB plus antibiotic was then inoculated with this
culture and the A550 was measured until the density of the culture reached midlog (0.5-
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0.7). The culture was then induced with a final concentration of 1 mM IPTG. After
induction, samples of culture were taken at different time points and subjected to
centrifugation. The pelleted samples were then resuspended in Laemmlli Buffer (Bio-Rad)
and the lysates subjected to SDS-PAGE. The gel was then stained with Coomassie blue
to visualize any expression of the recombinant protein.
A subsequent culture was then subjected to the conditions under which protein
expression was observed. The culture was then centrifuged at 3220 x g for 15 minutes at
4oC. Lysis of bacterial cells was carried out as previously described (Saha, 2017). Briefly,
cells were resuspended in bacterial lysis buffer (500mM NaCl, 0.1% lysozyme (MP
Biopharmaceuticals), 0.001% universal nuclease (Pierce) and protease inhibitor tablet
(Roche) (1 tablet/10ml) in 0.9X phosphate buffer saline (PBS)) and left on ice for one
hour. Samples of whole cell lysates were stored, and the remaining cells were sonicated
at 30% amplitude for two minutes total of 0.5 seconds on and 0.5 seconds off. After
sonication the culture was subject to centrifugation at 4oC for 30 minutes at 3220 x g. The
supernatant was then stored as the soluble fraction.
Whole cell lysates and soluble fractions were then subjected to SDS-PAGE and
transferred to a PVDF membrane. The PVDF membrane was then subjected to a Western
blotting protocol. The relative amount of protein in the soluble fraction compared to the
insoluble was then determined by visual inspection of developed western films.
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Induction of Protein via Autoinduction and Determination of Solubility
The bacterial clones of interest in E. coli BL21(DE3) cells were induced using the
autoinduction protocol as previously described (Studier, 2005). Briefly, bacterial colonies
harboring plasmids of interest were grown in LB and the appropriate antibiotic. This
culture was then used to inoculate a culture of autoinduction media (1 mM MgCl2, 0.01%
glycerol, 0.001% glucose, 0.004% lactose, 25 mM mM (NH4)2SO4, 50 mM KH2PO4, 50
mM Na2HPO4 in LB). These cultures were grown in a 37oC shaker for 6-8 hours before
being placed in a 20C shaker overnight. Following autoinduction, cultures were
centrifuged and resuspended in bacterial lysis buffer as previously described (Saha,
2017). After cells were resuspended and left on ice for one hour, a sample of the lysate
was saved as the whole cell lysate. The remaining sample was sonicated as described
above and subjected to centrifugation at 4oC for 30 min at 600 x g. The supernatant that
resulted from the centrifugation was saved as the soluble fraction. A volume of Laemmli
sample buffer equivalent to the original amount of lysate subjected to the 600 x g
centrifugation was used to resuspend the remaining aggregate. This sample was saved
as the pellet sample.
An SDS-PAGE gel was then loaded with the whole cell lysate, soluble and pellet
fractions. The samples were then subjected to SDS-PAGE and transferred to a PVDF
membrane. The membrane was then subjected to a Western blotting protocol. The
relative amount of protein in the soluble fraction compared to the insoluble was then
determined by visual inspection of developed western films.
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Figure 5. Schematic of IPTG and autoinduction strategies. An aliquot of overnight
culture is used to inoculate autoinduction media (top) or LB + IPTG (bottom). Cells are
fractionated at approximately 24 hours (autoinduction protocol) or after a predetermined amount of time post-IPTG induction. The fractions are then subjected to
SDS-PAGE and visualized by Western blot.

Prediction of Protein Structure
The sequence of the unique C-terminus of the SIN3 220 isoform was analyzed
using software to predict the presence of ordered and disordered regions. The
sequence corresponding to the unique stretch of 315 amino acids was obtained through
Flybase and was put into the IUPRED and ANCHOR software.
Immunoprecipitation and Determination of Interactions with the SIN3 220 Unique
C-terminus
Plasmids encoding HA and maltose binding protein (MBP)-tagged unique SIN3
220 C-terminal (Uni-C) amino acids and HIS-tagged Caf1-55 were transformed together
into E. coli BL21(DE3) cells. The HA-tagged SIN3 220 Uni-C and HIS-tagged ING1
plasmids were also transformed together into E. coli BL21 cells. The HA-tagged SIN3 220
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Uni-C, HIS-tagged SDS3, HIS-tagged EMSY, HIS-tagged RPD3 and HIS-tagged Sap130
were each transformed into E. coli BL21(DE3) cells separately.

For all interaction

experiments, BL21(DE3) cells were induced using the above described autoinduction
method.
For experiments with SIN3 220 Uni-C and Caf1-55 or SIN3 220 Uni-C and ING1,
the autoinduced bacterial culture was fractionated as described above. The soluble
fraction was then used for immunoprecipitation. Immunoprecipitation of the soluble
fraction was performed as previously described (Saha, 2017). Briefly, the soluble fraction
was incubated with anti-HA resin at 4oC overnight. The resins were then washed and the
bound fraction was eluted using Laemmli sample buffer. Western blotting was used to
analyze the bound fraction.
Cultures harboring individual expression plasmids were induced using the
autoinduction method and fractionated as described above. The soluble fraction
containing the HA-tagged SIN3 220 Uni-C was incubated with anti-HA resin for one hour
at 4oC. The resin was then washed and the soluble fraction containing either SDS3,
RPD3, Sap130 or EMSY was then added to the anti-HA resin already bound to SIN3 220
Uni-C and incubated at 4oC overnight. The resin was then washed and the bound fraction
eluted using Laemmli sample buffer. Western blotting was used to analyze the bound
fraction.
Negative control experiments were conducted by incubating anti-HA resin with
lysate

only

containing

HIS-tagged

complex

proteins

at

4oC

overnight.

Immunoprecipitation was performed using the previously described protocol (Saha,
2017).
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Creation of Caf1-55med Construct and Cell Line
To determine amino acids integral for the interaction between Caf1-55 and SIN3
220, a truncated mutant of the Caf1-55 was created. This mutant was called “Caf155med” (Anderson et al., 2011). The first through 303rd amino acids of Caf1-55 were
amplified by PCR from an expression clone containing Caf1-55 in the pMK33 vector
(FMO025549), which was purchased from the Berkeley Drosophila Genome Project
(BDGP). The amplified Caf1-55 construct had a stop codon replacing the 304th amino
acid, tryptophan. The FMO025549 plasmid containing the full-length Caf1-55 was then
digested with BamHI and XbaI to release the full-length Caf1-55, and the plasmid
backbone was purified. The PCR product of nucleotides encoding the first 303 codons of
Caf1-55 was digested with BamHI and XbaI and ligated into the empty pMK33 vector and
this new construct was transformed into DH5α cells. Colonies were used to inoculate LB
with ampicillin and the culture was incubated overnight. Plasmid DNA was isolated the
next day. The clone containing the Caf1-55med construct was confirmed through PCR
and restriction digestion. The plasmid was sent to Eton Biosciences for sequencing. The
primers used for amplification of the Caf1-55med sequence can be found in Table 2.
Table 2. Primers/Restriction sites used for cloning into S2 expression vectors
Primer
Caf1-55medFor
Caf1-55medRev

Sequence
CGCGGGATCCATAACTTCG
GCGCTCTAGATAGAGCTACAGTC

Restriction Site
BamHI
XbaI

The creation of Caf1-55med resulted in a truncated form of Caf1-55 that contained
a C-terminal FLAG and HA tag. A stable transgenic S2 cell line for the expression of Caf155med was generated using the protocol previously described (Gajan et al., 2016).
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Briefly, the Caf1-55med construct was transfected into Drosophila S2 cells cultured in
Drosophila Schneider’s media (1X) + L-glutamine with 10% heat-inactivated fetal bovine
serum (Invitrogen) with gentamycin added to a final concentration of 50 mg/ml. Following
selection of transfected cells, the stable S2 cells containing Caf1-55med were grown in
media containing 0.1 mg/ml hygromycin. Cells were kept at 27oC.
Caf1-55med Nuclear Fraction Expression and Immunoprecipitation
Nuclear fractions were prepared from S2 or stable transfected cell lines expressing
wildtype Caf1-55 or Caf1-55med were performed using the method that has been
previously described (Spain et al., 2010). 850 μl of nuclear extract was incubated
overnight at 4oC with 150 μl of interaction buffer (20 mM HEPES (pH 7.4), 150 mM NaCl,
0.5 mM EDTA, 1% Triton X-100) and 35 μl of anti-HA resin (Sigma). The resin was
subsequently subjected to five minute washes at 4oC with wash buffer 1 (150 mM NaCl,
0.1% sodium deoxycholate, 0.1% SDS, 1% Triton X-100, 10% glycerol and 20 mM Tris
(pH 7.4)), wash buffer 2 (500 mM NaCl, 1.5% Triton X-100, 0.1% sodium deoxycholate,
0.5 mM EDTA, 10% glycerol and 20 mM HEPES (pH 7.4)) and wash buffer 3 (300 mM
NaCl, 0.1 mM EDTA, 10% glycerol, 1.5% Triton X-100, 1 mM MgCl2, and 20 mM HEPES
(pH 7.4)). The bound fraction then eluted by the addition of 35 μl of Laemmli Buffer (BioRad) to the resin and incubating at room temperature for 30 minutes. Expression of the
tagged proteins was verified and the bound fractions from immunoprecipitation assays
were analyzed by Western blot analysis.
Western Blot
All Western blotting was performed according to established protocols (Sambrook J,
2001). Samples subjected to SDS-PAGE was transferred to membrane using a wet
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transfer. Blots were probed with the following primary antibodies: SIN3 220 (1:2000
(Pile and Wassarman, 2000)), HIS (1:1000; Qiagen), Caf1-55 (1:3000; Abcam) and HAHRP (1:7000; Sigma). Donkey anti-rabbit HRP conjugated IgG (1:3000; GE Healthcare)
and sheep anti-mouse HRP conjugated IgG (1:3000; GE Healthcare) were the
secondary antibodies used. Signals on blots were detected using ECl or ECl Prime (GE
Healthcare) and exposure to autoradiography film (Alkali Scientific).
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Chapter 3 Analysis of Possible Interactions of SIN3 Complex Components
3.1 Introduction
To fully appreciate and understand the mechanism of a biological or chemical
process in the cell, it is important to know the context in which this process occurs. Protein
interactions are examples of context that could be important for deciphering a mechanism
of action. Interactions between proteins with distinct enzymatic activities can be required
to catalyze a process or interactions may be necessary to confer a conformational
change. In turn, this conformation change gives the protein an intrinsic ability to act upon
a substrate.
To gain a better insight into what drives the differences between the SIN3 187 and
220 complexes, the unique C-terminal region of the SIN2 220 isoform was used for
immunoprecipitation with other complex components. Proteins were prepared using the
bacterial expression system. The portion of the SIN3 220 isoform designated the Uni-C
consists of the unique stretch of 315 amino acids at the C-terminus of the SIN3 protein.
Genes encoding SIN3 complex proteins needed to be cloned into bacterial
expression vectors to express them in E. coli. The pMAL-C2X, pET28a and pETLX
vectors were used for the expression of recombinant proteins with affinity tags. The
clones and their affinity tags are listed in Table 3.
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Table 3. Bacterial Expression Clones
PROTEIN
VECTOR
SIN3 220
pMAL-C2X
Sap130
pETLX
SDS3
pET28a
ING1
pETLX
RPD3
pET28a
EMSY
pETLX
SIN3 220 Uni-C1
pMAL-C2X
Caf1-551
pET28a
1denotes bacterial clone created/donated by Nirmalya Saha
2SIN3

TAG
MBP/HA2
HIS
HIS
HIS
HIS
HIS
MBP/HA2
HIS

220 clones had an HA-tag added, which is not a part of the vector

After cloning the correct sequences into expression vectors, the bacterial colonies
harboring the plasmid of interest needed to be induced to express the proteins. The two
approaches used to induce the expression of these proteins were IPTG induction and
Studier Autoinduction. Both approaches use lactose or IPTG, a lactose analogue, to
induce expression of the gene of interest. Expression of genes in the pET28a/pETLX
vectors are under control of the T7 promoter while genes in the pMAL-c2X vector are
regulated by the P-lac promoter.
The expression system of recombinant proteins in E. coli takes advantage of the
lac operon. BL21(DE3) cells have an endogenous T7 polymerase gene under control of
a lacUV5 promoter (Studier and Moffatt, 1986). This T7 gene is regulated by the lac
repressor protein (LacI). In the absence of lactose, LacI will bind to the lacUV5 promoter
in front of the gene encoding T7 polymerase. This prevents the E. coli RNA polymerase
from transcribing the T7 polymerase gene, as the LacI protein prohibits the binding of
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RNA polymerase to the promoter (Daber et al., 2007). When lactose is introduced to a
bacterial culture, it will bind to LacI, which induces a conformational change in the protein,
releasing it from the lac operator (Bell and Lewis, 2000; Daber et al., 2007). This allows
the E. coli RNA polymerase to transcribe the T7 polymerase. The T7 polymerase can
then bind to the T7 promoter located on the vector transformed into the bacteria and
transcribe the recombinant protein of interest (Studier and Moffatt, 1986).
After the transcription and consequent expression of the gene of interest, the
solubility of the recombinant protein must be determined. If folded correctly, the
recombinant protein should be found in the soluble fraction of bacterial lysates. There are
conditions, however, under which a protein will not fold correctly and will subsequently be
found in the insoluble pellet, which are known as aggregates. Some factors that can lead
to aggregation of recombinant proteins include temperature, amount of induction and the
sequence of the protein (Baneyx and Mujacic, 2004). Faster rates of bacterial growth
(caused by high temperature) or large amounts of induction (caused by a high
concentration of IPTG or lactose) can be detrimental to protein production if the cellular
processes are happening too rapidly to allow proper folding of proteins. Two potential
solutions to these problems include lowering the temperature at which the culture is
growing or inducing with a lower concentration of IPTG or lactose. There are certain
scenarios, however, where the amino acid composition of the protein will not allow proper
folding. In this case expression of a protein containing an amino acid tag to increase
solubility (such as GST or MBP) can be utilized to express proteins in a soluble form
(Esposito and Chatterjee, 2006; Raran-Kurussi and Waugh, 2012; Zhou and Wagner,
2010).
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IPTG induction of recombinant protein expression is a common technique used in
bacterial expression. There are times where induction via addition of IPTG, which is
introduced when the culture has reached mid-log growth phase, results in insoluble
proteins despite modifications of the amount of IPTG or temperature at which the culture
is grown. One method to combat this problem is the use of Studier Autoinduction (Studier,
2005). While IPTG is added to a culture grown in LB in IPTG induction, autoinduction
uses media that contains glucose, lactose, glycerol and salts. Instead of adding
exogenous IPTG to the culture to induce expression of the recombinant protein,
autoinduction media induces expression using components already present in the media.
The autoinduction protocol takes advantage of the natural machinery of bacteria that first
uses glucose as an energy source before switching to lactose. In turn, this is a more
gradual shift towards protein expression. When the culture uses up the available glucose,
the cells are in the stationary phase of their growth curve. At this point, in the majority of
cells, there are more chaperone proteins available to help with protein folding, including
the folding of the recombinant protein. Thus, autoinduction can provide an alternative
method to produce a higher percentage of soluble protein than IPTG induction. For my
studies, I tested the solubility of proteins expressed in bacteria using both approaches.
Before conducting immunoprecipitation experiments using bacterial lysates, it is
beneficial to use previously solved structural data to hypothesize possible interactions
between any two proteins. Although no structural studies of the entire SIN3 protein are
available, there are some solved structures of conserved domains of the SIN3 protein,
including the histone deacetylase interacting domain (HID) and paired amphipathic
helices (PAHs). The Uni-C region of the SIN3 220 isoform, however, has no solved
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structure and has been assayed for interactions with only one protein, Caf1-55 (Saha,
2017).
The amino acid sequence representing the unique C-terminus of the SIN3 220
isoform was analyzed using ANCHOR and IUPRED structural prediction software
(Dosztányi et al., 2005a; Dosztányi et al., 2005b; Dosztányi et al., 2009). IUPRED
software will estimate the energies of the potential folded vs. unfolded states of a stretch
of amino acids to predict structures vs. unstructured regions (Dosztányi et al., 2005a;
Dosztányi et al., 2005b). The IUPRED software incorporates an energy matrix derived
from previous solved structures of globular proteins. The energy matrix predicts the
energy of interactions between amino acids in a submitted peptide sequence. The matrix
accounts for both the chemical properties as well as the immediate environment of the
amino acid. If the energy generated by interactions is enough to overcome the energy
lost during the folding of a stretch of amino acids then the amino acids would be predicted
to be ordered. On the other hand, if the potential interactions are not energetically
favorable, the given stretch of amino acids would be predicted to be disordered
(Dosztányi et al., 2005b).
ANCHOR software aims to identify potential regions of a stretch of amino acids
that may become more energetically favorable upon binding a globular protein (Mészáros
et al., 2009). To do this, the analysis focuses on three criteria. First, the algorithm
incorporates the generated IUPRED data to eliminate regions that would be prone to
assuming a globular conformation. This allows for the identification of stretches of amino
acids that are predicted to be unstructured. Second, the algorithm looks for regions of the
input sequence that lack the energetic potential to interact with amino acids in their
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immediate surrounding environment, thus resulting in a more unstructured region. Third,
the algorithm analyzes the energetic favorability of potential interactions between globular
proteins and amino acids of the input sequence. The software computes all three factors
individually and then combines them to come up with a single predicted score, which
estimates the potential of a stretch of amino acids interacting with a global protein
(Dosztányi et al., 2009).
The sequence of the unique C-terminus of SIN3 220 was predicted to be
unstructured when tested using IUPRED software (Figure 6). Any points plotted above
the line at the 0.5 mark on the y-axis of the graph are predicted to be unstructured, while
points that fall below the line are predicted to be structured. There were, however, regions
of the unique C-terminus that were predicted by ANCHOR to have potential binding
affinity for other proteins (Figure 6). Similarly, points that fall above the line at the 0.5 mark
on the y-axis are predicted to have binding affinity for globular proteins, while points below
the mark are not predicted to interact with another protein. It is important to note, however,
that these are predictions and do not eliminate the need for in vitro and in vivo testing to
determine structure and binding.
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Figure 6. The unique C-terminus of SIN3 220 is disordered. The sequence
representing the unique 315 amino acids at the C-terminus of SIN3 220 was analyzed
using IUPRED software (red lines) and regions predicted to be disordered or ordered
were identified. The software did not identify any regions predicted to be ordered (top).
The sequence was also analyzed using ANCHOR software (blue lines), which looks for
potential regions where binding to other proteins may occur (bottom). Potential binding
regions are indicated by the blue boxes.

There is therefore a gap of knowledge of potential interacting partners of the UniC region (with the exception of Caf1-55), which if filled could lend insight into complex
stability or the targeting of the complex to chromatin. To identify more potential in vivo
binding partners of the C-terminus of SIN3 220, individual components of the SIN3 220
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complex were cloned into bacterial expression vectors and immunoprecipitated along with
the Uni-C region of 220.
3.2 Results and Discussion
Both IPTG and autoinduction approaches were used to express recombinant
protein. Figure 7 shows examples of protein expressed with both the IPTG and
autoinduction methods. Compared to the IPTG-induced proteins, proteins expressed via
autoinduction media had a greater amount of protein found in the soluble fraction.

Figure 7. Comparison of IPTG and autoinduction. Bacterial cells were used to express
recombinant proteins using either IPTG induction or autoinduction (Studier 2005). Cells
were lysed and the extract subjected to fractionation. Fractions were analyzed by Western
blot for ING1 (A), Sap130 (B), RPD3 (C), EMSY (D) and SDS3 (E).
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Along with increased amounts of recombinant protein solubility, the culture grown
using the autoinduction method reaches a higher density than cultures grown and induced
with IPTG (data not shown). Since the autoinduction cultures are grown for a longer
amount of time than IPTG-induced cultures, the density is increased, resulting in a larger
number of cells available for fractionation and subsequent immunoprecipitation
experiments. Therefore, due to the increased amount of soluble protein and denser
cultures using autoinduction conditions as opposed to induction via IPTG, cell lysates
were prepared by the autoinduction method for the immunoprecipitation experiments.
Immunoprecipitation experiments were then performed to assay the possible
interaction between SIN3 220 Uni-C and other SIN3 complex proteins. The interaction
between Caf1-55 and the Uni-C region of SIN3 220 was used as a positive control as this
interaction has been previously seen using the bacterial expression system (Saha, 2017).
An immunoprecipitation was performed using anti-HA resin and bacterial lysates
containing HA-tagged SIN3 220 Uni-C and HIS-tagged Caf1-55. The bound fraction of
the immunoprecipitation contained both SIN3 220 Uni-C and Caf1-55, which indicates a
direct interaction between the two proteins (Figure 8A).
After confirming the validity of the system through the interaction of Caf1-55 and
Uni-C, the interaction between the Uni-C region of SIN3 220 and EMSY was probed. As
EMSY associates with the SIN3 220 isoform but not the 187 isoform (Spain et al., 2010),
it was hypothesized that the Uni-C region of SIN3 220 may be responsible for interacting
with EMSY and mediating the association with the SIN3 220 complex. It was found,
however that the Uni-C region of SIN3 220 does not directly interact with EMSY when the
bound fraction was analyzed by Western blot (Figure 8B).
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Potential interactions between the Uni-C region of SIN3 220 and RPD3 (Figure
8D), SDS3 (Figure 8C) and Sap130 (Figure 8E) were then assayed. Upon analysis of the
immunoprecipitated proteins through Western blot, it was determined that RPD3, SDS3
and Sap130 do not have affinity for the Uni-C region when expressed in a bacterial system
(Figure 8). This result is not surprising, as all three proteins have either been shown or
have been predicted to interact with regions present in both the 187 and 220 isoforms of
the SIN3 protein. RPD3 interacts with the HID of SIN3, which is a domain that is highly
conserved from yeast to mammals (Laherty et al., 1997). Additionally, the HID has been
shown through structural studies to interact with SDS3 (Clark et al., 2015), and has been
proposed to mediate interactions with Sap130 (Fleischer et al., 2003).
Interestingly, upon assaying the interaction between the Uni-C region of SIN3 220
and ING1, which is a protein common to both the 187 and 220 complexes (Fleischer et
al., 2003), an interaction was observed using the bacterial expression system (Figure 8F).
As a control, the immunoprecipitation was performed with ING1 in the absence of the HAtagged Uni-C region, and no nonspecific binding was observed (Figure 8F). This finding
indicates that the interaction between the Uni-C region of SIN3 220 and ING1 is not due
to nonspecific binding of ING1 to the HA-resin. To the best of our knowledge this physical
interaction between ING1 and the Uni-C region of SIN3 220 has not been previously
demonstrated.
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Figure 8. Interactions with SIN3 220 Uni-C. Recombinant SIN3 complex proteins were
expressed using the autoinduction system for E. coli and co-immunoprecipitation
experiments were performed to assay interactions with the Uni-C region of SIN3 220. All
experiments were performed using anti-HA resin. The interaction of Caf1-55 and SIN3
220 Uni-C (A) was used as a positive control. No interactions were observed between
Uni-C and EMSY (B), SDS3 (C), RPD3 (D) or Sap130 (E); an interaction was observed,
however, between Uni-C and ING1 (F). Input and bound samples were analyzed by
Western blot. IP – immunoprecipitation. Molecular weight size markers are indicated at
the left of each blot.

It is possible that the unstructured form of the Uni-C region could act as a “sticky”
peptide and could have affinity for a large amount of proteins and that those interactions
have little to no biological relevance. As mentioned before, the C-terminus of SIN3 220 is
not predicted to have any secondary structure. The lack of secondary structure could
result in more lax requirements for the binding of other proteins. If the Uni-C region of
SIN3 220 was sticky, it would be expected many more binding partners would have been
co-immunoprecipitated with this protein. However, as there was no interaction between
Uni-C and RPD3, SDS3 and Sap130, it is not likely that this unstructured protein is sticky.
The lack of interaction between HIS-tagged ING1 and anti-HA resin strongly suggests
that the positive interaction between ING1 and the Uni-C is genuine.
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The biological significance of the possible interaction between ING1 and the
unique C-terminus of SIN3 220 needs to be probed further. ING1 has intrinsic H3K4me3
binding ability mediated through its C-terminal plant homeodomain (PHD) finger, and this
PHD finger binds specifically to methylated H3K4 (Peña et al., 2009). H3K4me3 is known
to be a mark of active transcription (Barski et al., 2007). The association of ING1 and
SIN3 and ING1’s binding to H3K4me3 are consistent with the ability of SIN3 to act as a
transcriptional activator (Gajan et al., 2016).
Additionally, ING1 has been demonstrated to be important for the recruitment of
SIN3 to chromatin. Loss of ING1 in mammalian cells showed a reduction in binding of the
SIN3 complex to the pl2 promoter in mammalian cells (Smith et al., 2010). As SIN3 has
been shown to regulate a significant portion of the genome, it is possible that large
subsets of genes may be affected upon knockdown of Ing1. It would be interesting to
compare the expression of genes between Sin3a and Ing1 knockdown cells.
Both SIN3 and ING1 have been implicated in the development of cancer (Farias
et al., 2010; Kwon et al., 2015; Thakur et al., 2014). Reduced levels of ING1 have been
shown to result in breast cancer, and overexpression of ING1 can actually slow the rate
of growth of cancerous cells (Thakur et al., 2014). Aberrant gene expression leading to
cancer due to inappropriate levels of ING1 has led studies to look at the targeting of
ING1 as a potential treatment for cancer patients (Zhang et al., 2017). The roles of both
ING1 and SIN3 in the development of cancer could potentially be linked through their
interaction.
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Chapter 4 Analysis of the Interaction between Caf1-55 and SIN3
4.1 Introduction
Both Caf1-55 and SIN3 have been identified in previous work to be important for
the regulation of genes in S2 cells (Saha, 2017). Additionally, phenotypes resulting from
knockdown of Caf1-55 mirror the changes in gene expression in S2 cells caused by the
loss of SIN3 220 (Saha, 2017). Caf1-55 has been shown to interact with SIN3 in vivo
through co-immunoprecipitation of tagged Caf1-55 and the C-terminus of SIN3 220
expressed in S2 cells (Saha, 2017). Caf1-55 has been shown to interact with the Uni-C
region

of

SIN3

220

using

bacterial

expression

followed

by

subsequent

immunoprecipitation (Saha, 2017).
Despite identifying a direct interaction between SIN3 220 and Caf1-55, the region
of Caf1-55 responsible for mediating this interaction was unknown. Previous work had
looked to determine domains responsible for the interaction, and specifically investigated
the histone H3 and histone H4 binding domains of Caf1-55 (Saha, 2017). Upon mutating
select residues in the histone H3 binding domain of Caf1-55, no loss of SIN3 binding to
Caf1-55 was observed. There was, however, a partial loss of SIN3 association with the
histone H4 binding mutant of Caf1-55.
Studies have identified a truncation mutant of Caf1-55 (Caf1-55med), which leads
to developmental defects in Drosophila as well as a reduction in the number of expected
eclosed adults (Anderson et al., 2011). Furthermore, this mutation is able to act in a
dominant negative fashion (Anderson et al., 2011). Even when wildtype Caf1-55 was
expressed using the UAS/Gal-4 system, flies expressing the Caf1-55med mutant survived
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to become pharate, but not many eclosed. Additionally, flies expressing Caf1-55med in
the presence of UAS/Gal-4 induced wildtype Caf1-55 expression were found to have
defects in eye shape, leg structures and wing defects when raised at 18oC. Caf1-55med
has a stop codon in place of the 304th amino acid, which is tryptophan. Caf1-55 is a protein
that contains seven WD40 repeat domains. The Caf1-55med truncation results in a Caf155 protein that does not have the sixth and seventh WD40 repeat domains found in the
wildtype protein. WD40 repeat domains create a surface that is used in protein-protein
interactions (Suganuma et al., 2008). Furthermore, the region found to be responsible for
facilitating the interaction between Caf1-55 and histone H4 is in the portion of the protein
that is deleted in the Caf1-55med mutant (Song et al., 2008). Combining the knowledge
of the role of Caf1-55 in regulating essential genes as well as the reduction of interaction
between SIN3 and the histone H4 binding mutant of Caf1-55, we hypothesized that the
interaction between SIN3 and Caf1-55 would be completely abolished in the presence of
Caf1-55med.
4.2 Results and Discussion
Stable S2 cell lines expressing HA and FLAG-tagged Caf1-55 and Caf1-55med
were used to assay the interactions between Caf1-55 and SIN3. Wildtype Caf1-55 was
used as a positive control, as the interaction with SIN3 has already been observed (Saha,
2017). S2 cells carrying no transgene were used as a negative control. These control
cells were treated in the same way as the transfected cell lines.
To confirm expression of the HA-tagged proteins, whole cell lysates were made
from the transfected and wildtype non-transfected lines and were subjected to SDSPAGE. The lysates were then analyzed by Western blotting using an antibody to HA.
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Interestingly, Caf1-55med was found to have a lower level of expression (~3 fold) when
compared to Caf1-55 (Figure 9). It is possible that the deleterious effects of Caf1-55med
in Drosophila (Anderson et al., 2011) are also reflected in cell culture, and that the cell
works to rid itself of the harmful protein through a degradation pathway.

Figure 9. Expression of tagged Caf1-55. Transfected S2 cell lines for stable expression
of HA-tagged Caf1-55WT or Caf1-55med were generated. Cells were induced with
CuSO4. Whole cell lysates were then subjected to SDS-PAGE and proteins visualized by
Western blot using antibody against the HA-tag of the transgenic proteins. An S2 cell line
carrying no transgene was used as a negative control. Actin was used as a loading
control.

Nuclear fractions were prepared from the transfected and non-transfected lines
and used for immunoprecipitation. When assaying the interaction between the Caf1-55
proteins and SIN3, different amounts of the bound fractions were subjected to SDS-PAGE
to account for the differences in expression between the Caf1-55 and Caf1-55med tagged
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proteins. This ensured an approximately equivalent amount of protein in each bound
fraction was analyzed. Fractions eluted from the resin were subjected to SDS-PAGE and
Western blotting for analysis. The interaction between Caf1-55 and SIN3 was observed;
however, there was no observable interaction between Caf1-55med and SIN3 (Figure
10). It is therefore likely that SIN3 interacts with Caf1-55 through the sixth or seventh
WD40 repeat region of Caf1-55.
The co-immunoprecipitation of Caf1-55 and the unique C-terminus of SIN3 using
the bacterial expression system found that the two proteins are interacting partners.
Additionally, the interaction of Caf1-55 and SIN3 was not observed in S2 cells when the
last two WD40 repeat domains of Caf1-55 were deleted. These two pieces of data lend
possible insight into the interacting regions of these two proteins. It is entirely possible
that the Uni-C region of SIN3 has affinity for one or more WD40 repeat domains at the Cterminus of Caf1-55, and that these regions are responsible for mediating the interaction
between the two proteins. More studies would have to be performed in order to determine
the exact interacting regions, such as mutating select residues or deleting smaller regions
of the proteins and then assaying the interaction.
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Figure 10. Loss of interaction between SIN3 and Caf1-55med. Immunoprecipitation
experiments were performed against HA-tagged Caf1-55WT and Caf1-55med. Wildtype
S2 cells were used as a negative control. Fractions were subjected to Western blotting
and were probed with antibody against SIN3 and HA as indicated. WCE - Whole Cell
Lysate, NF- Nuclear Fraction, IP – Immunoprecipitation. Molecular weight size markers
are indicated at the left of each blot.

It would also be of interest to look at gene expression changes in cells expressing
Caf1-55med. As previously mentioned, a number of genes have been found to change in
expression when both Sin3a and Caf1-55 are knocked down in S2 cells (Saha, 2017;
Saha et al., 2016). Disrupting the interaction between SIN3 and Caf1-55 may lead to
similar changes in gene expression. The data shown above concerning differential
expression of Caf1-55 and Caf1-55med have indicated that S2 cells may attempt to
alleviate the deleterious effects of Caf1-55med by targeting it for degradation. This
differential level of expression is in line with the results that a mutation leading to
expression of Caf1-55med instead of the full-length Caf1-55 can act in a dominant
negative fashion (Anderson et al., 2011). It is possible that no changes in gene expression
will be observed if the cell still has endogenous Caf1-55 to use. It would therefore be
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preferential if endogenous Caf1-55 was knocked down in the context of expression of
Caf1-55med.
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Chapter 5 Summary
This study has worked to define interacting proteins within the Drosophila SIN3
complex. The regulation of a cell’s genome is vital for maintaining the health of a cell and,
consequently, the whole organism (Lee and Young, 2013; Villard, 2004; Wang et al.,
2016; Wen et al., 2016). For example, the disruption of protein interactions can lead to
destabilized protein complexes (Gibson, 2009; Perkins et al., 2010). In turn, this disruption
can result in harmful consequences to the cell (Sato et al., 2000; Sherman et al., 2001).
The Drosophila SIN3 220 and 187 isoforms are capable of acting as a scaffold for
two protein complexes that share the same core proteins, with the 220 isoform
additionally interacting with Caf1-55, LID and EMSY (Spain et al., 2010). As these two
isoforms regulate similar yet distinct genes (Saha et al., 2016), it was of interest to identify
SIN3 complex proteins that are capable of interacting with the unique 315 amino acid Cterminal region of the SIN3 220 isoforms. Caf1-55 had previously been identified as an
interacting partner with the unique C-terminus of SIN3 220 (Saha, 2017). Using proteins
generated with the bacterial expression system, it was found that EMSY does not interact
with the unique C-terminus of SIN3 220, which leads us to hypothesize that EMSY may
directly interact with Caf1-55 or LID, the other two unique components of the SIN3 220
complex.
Interestingly, ING1 was found to directly interact with the unique C-terminus of
SIN3 220, despite being found in both the 220 and 187 complexes (Spain et al., 2010).
As ING1 contains a PHD which binds to H3K4me3 (Peña et al., 2009), it would be of
interest to see the effects that knockdown of Ing1 has on the expression of genes
regulated by SIN3 220. It is hypothesized that the interaction between ING1 and the
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unique 315 amino acid C-terminus of SIN3 220 may be important for stability of the
complex, which in turn may impact gene regulation. The data generated in this study and
data concerning protein interactions from previous studies has allowed for a more
thorough model concerning the protein interactions within the SIN3 complex (Figure 11).
Additionally, a region of Caf1-55 responsible for maintaining interaction with SIN3
was determined. A truncated version of Caf1-55 (Caf1-55med) previously identified and
known to cause developmental defects in Drosophila (Anderson et al., 2011) was used
for immunoprecipitation in S2 cells. When Caf1-55med was immunoprecipitated and the
bound fraction was probed for the presence of SIN3, no association with SIN3 was
observed. These data, along with the data from the bacterial expression system, allows
us to hypothesize that the region deleted in Caf1-55med and the unique C-terminus of
SIN3 220 are responsible for mediating their interaction. Future experiments will look at
the gene expression of genes regulated by SIN3 in the presence of Caf1-55med.
The other known direct interactions taking place within the complex could lead to
potential treatments for different genetic diseases. As already mentioned, the disruption
of the interaction between Pf1 and SIN3 partially reduces the ability of breast cancer
tumor cells to form colonies (Bansal et al., 2015). It would be interesting to see if similar
genes change in expression upon the disruption of the SIN3-Pf1 interaction compared to
knockdown of SIN3 alone. Additionally, comparing gene expression changes between
the loss of the SIN3-Pf1 interaction and upon knockdown of Caf1-55 may be interesting,
as loss of Caf1-55 resulted in gene expression changes similar to those seen upon loss
of SIN3 (Saha, 2017).
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Sap130 has been shown to be capable of repressing transcription. Interestingly,
Sap130 is also hypothesized to interact with a transcriptional activator. (Fleischer et al.,
2003). Reduction of Sap130 by RNAi in Drosophila can lead to a reduction of SIN3 at
chromatin (Laity et al., unpublished). Additionally, mutations in Sap130 have
demonstrated that Sap130 may be involved in mediating Aβ toxicity through chromatin
regulation and assembly (Cao et al., 2008). These data combined with the interaction with
SIN3 and ING1 provide rationale for future studies of Sap130, including analyzing gene
expression and interaction domains.
Unlike Sap130, knockdown of SDS3 does not result in a loss of SIN3 at chromatin
(Laity et al. unpublished). Similar to Sap130, however, SDS3 has been shown to directly
interact with SIN3 and have a role in repressing transcription (Cao et al., 2008). Moreover,
loss of SDS3 has been shown to result in embryonic lethality in mammals , and mutants
of SDS3 unable to bind to SIN3 are not able to rescue the phenotype (David et al., 2003).
The function of SDS3 is not consistent across organisms, however, as studies in
mammalian cells have conflicted with findings in yeast (Clark et al., 2015). While yeast
require SDS3 to recruit HDAC1 to SIN3 complexes, HDAC1 is recruited to SIN3
complexes through a direct interaction with SIN3 in mammals. Studies involving SDS3 in
Drosophila may result in new and novel approach to understand the molecular basis by
which SDS3 functions and the role it plays in the regulation of genetic material.
The results of this study have provided a basis for numerous questions and
experiments that will further probe the roles of protein interactions within the Drosophila
SIN3 complex. Combining my data with previously published data, a model that more
accurately reflects the spatial arrangement of proteins within the SIN3 complex has been
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generated (Figure 11). As SIN3 and its associated proteins have been shown to play an
important role in gene regulation, further studies could lend potential insights into
treatments for various genetic diseases, including cancer.

Figure 11. Currently known direct SIN3 complex protein interactions. Data from this
research and previous work (Figure 3) has helped create a more detailed understanding
of the interactions within the Drosophila SIN3 complex. The model shows all known
protein interactions to data, with the unique C-terminus of the SIN3 220 isoform shown
as “Uni-C”.
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The proteins that comprise the Drosophila SIN3 220 and SIN3 187 complexes are
currently known. Limited information with regard to interacting complex member proteins
has been described. Much of these data are results of high-throughput investigations,
and there have been no studies done to reconstitute all direct interactions within the
complex. The unique C-terminal region of the SIN3 220 isoform was used to test for
interactions with other complex proteins using the bacterial expression system.
Additionally, the region of Caf1-55 necessary for interaction with SIN3 in vivo was
identified using a truncation mutant. The results of this work identified novel protein
interactions as well as novel regions of Caf1-55 required to maintain certain protein
interactions in vivo. This study gives a clearer understanding of direct interacting partners
within the Drosophila SIN3 complex as well as raising interesting questions regarding
their role in gene regulation.
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